INTRODUCTION {#sec1-1}
============

Most prevalent nutrient deficiency among children and adolescents is iron deficiency according to the estimation of the WHO.\[[@ref1]\] Iron deficiency is detected sometimes in asymptomatic individuals insidiously. However, it is generally manifested by pallor, shortness of breath, and lethargy. Iron is an important component of several metalloproteins such as hemoglobin (Hb), myoglobin, and many enzymes having role in cellular metabolism. Iron deficiency significantly alters the intracellular and extracellular concentration of different neurotransmitters such as dopamine, serotonin, and norepinephrine in different areas of the brain, predominantly in locus ceruleus and basal ganglia (mainly in substantia nigra and putamen).\[[@ref2]\] Iron deficiency also alters the expression of transporters of different neurotransmitters. There is documented evidence in literature that iron deficiency is associated with cognitive impairment and may be associated with many neuropsychiatric manifestations such as attention deficit hyperactivity disorder (ADHD), autism spectrum disorder, anxiety disorder, and bipolar mood disorders.\[[@ref3][@ref4]\] Among them, ADHD is most common in school-going children having a prevalence of 4%--7% characterized by three cardinal features-attention deficit, impulsivity, and hyperactivity.\[[@ref5][@ref6][@ref7]\] Beside some genetic causes (polymorphism of dopamine receptor genes (D4 and D5) and dopamine transporters), it is also assumed that ADHD is caused by alteration of different neurotransmitters level.\[[@ref7][@ref8]\] Iron act as cofactor of tyrosine hydroxylase, an enzyme of neurotransmitter synthesis. Hence, iron deficiency may cause alteration dopamine levels in substantia nigra and putamen. Iron deficiency may also cause restless leg syndrome, which in turn may lead to ADHD.\[[@ref9][@ref10]\] ADHD is a treatable cause of many future problems such as educational difficulty, social exclusion, school dropout, and criminality.

Multiple studies from different parts of the world reported that there is an association between iron deficiency and ADHD.\[[@ref3][@ref4][@ref7]\] In India, one study was conducted where serum ferritin level of children with ADHD was estimated. Hence, we had undertaken this study to find out the association between iron deficiency (by measuring hematological variables indicating iron status) and ADHD.

MATERIALS AND METHODS {#sec1-2}
=====================

A hospital-based (outpatient based) cross-sectional study was conducted among the children diagnosed with ADHD in between February 2015 and March 2017 in the pediatric and psychiatry outpatient clinic of Burdwan Medical College, Burdwan, after obtaining ethical clearance from the Institution Ethics Committee. One hundred and nineteen cases were selected by complete enumeration method at the time of diagnosis before starting any kind of treatment for ADHD (taking prevalence of ADHD as 5%,\[[@ref5][@ref6][@ref7]\] confidence interval as 95%, and population size as infinite, sample size required to obtain a statistically significant result is 73). All children and adolescents (upper age limit - 19 years) who were diagnosed as ADHD were included in the study. Children who were on oral iron supplements, whose parents did not will to participate in the study and who were seriously ill, were excluded from the study (11 children were excluded from the study, two for not giving consent, seven were on oral iron supplement and blood samples of two children were lost during transport to the laboratory). Age- and sex-matched controls were selected from patients going to laboratory for routine blood tests for elective surgery which are not supposed to alter parameters indicating iron status of children/adolescents. Before enrolment of controls, ADHD was excluded among them. Some parameters indicating iron status such as Hb, serum iron, serum ferritin, total iron binding capacity (TIBC), mean corpuscular volume (MCV), and mean corpuscular Hb concentration (MCHC) were checked for both cases and controls. Blood samples were collected on the next working day after diagnosis, in fasting state. For quality control, all the tests were done in the same laboratory of our college. For estimation of serum iron and TIBC, Erba Chem 5+ V2 was used (Ferrozinc method). For assessment of serum ferritin, Tosho AIA 360 was used. Each report was double-checked by two different laboratory technicians. They were not informed about the purpose of the study. The same analyzers were used to perform the tests.

ADHD was diagnosed in children and adolescents according to Diagnostic and Statistical Manual of Mental Disorders 5^th^ Edition criteria.\[[@ref11]\] Its severity was assessed by Conner\'s rating scale, for teachers and parents (Conners' Teacher Rating Scale and Conners' Parent Rating Scale, respectively).

Collected data were entered into Microsoft Excel Worksheet. Categorical data were coded (ADHD: Yes-1/no-0). Using Shapiro-Wilk test (as sample size is \<2000), we found that data were skewed. Hence, median and interquartile range were calculated for each continuous variable. A nonparametric test (Mann--Whitney U-test) was used for checking the association between different variables in contingency tables. Significantly associated variables in the table were further considered for Spearman\'s rank-order correlation to find out the strength and association of the relationship which is measured by Spearman\'s coefficient (ρ). Finally, a binary logistic regression model (forward conditional method) was created taking ADHD as dependent/outcome variable. Adjusted odds ratio (OR) was determined with 95% confidence interval. *P* \< 0.01 was considered as statistically significant. All the statistical analysis was done to by SPSS software version 20.0 (Statistical Package for the Social Sciences Inc., Chicago, IL, USA).

RESULTS {#sec1-3}
=======

Mean age of the study population was 11.0 ± 3.7 years and 70.6% of them were male. 64.1% of them belonged to Hindu religion. Majority (59.7%) of the ADHD patients belonged to 11--15 years of age group. There was no significant difference between the cases and controls in their age, sex, and socioeconomic status (*P* \> 0.01) \[[Table 1](#T1){ref-type="table"}\].

###### 

Sociodemographic profile of cases and controls

![](IJPsy-60-131-g001)

Median level of Hb (8.3, 1.3 vs. 12.9, 2.0 mg/dl), serum ferritin (35.2, 4.7 vs. 43.8, 6.1 ng/ml), serum iron (43.8, 6.1 vs. 92.5, 7.8 μg/dl), MCV (92.5, 7.8 vs. 93.2, 5.9 fl), and MCHC (93.2, 5.9 vs. 30.8, 4.5 g/dl) level were significantly higher in control group. On the other hand, median TIBC level was significantly higher among ADHD patients (350.9, 10.4 μg/dl) than controls (334.1, 5.2 μg/dl) \[[Table 2](#T2){ref-type="table"}\]. Hence, there was a relative iron deficiency state among the patients of ADHD. About 22% (26 out of 119) of the patients of ADHD were suffering from iron deficiency anemia (IDA) while only 7% (8 out of 119) of controls were suffering from IDA (*χ*^2^ = 9.44, *P* \< 0.01).

###### 

Distribution of different parameters among cases (*n*=119) and controls (*n*=119)

![](IJPsy-60-131-g002)

ADHD is significantly and negatively correlated with Hb (ρ = --0.86), serum ferritin (ρ = --0.83), serum iron (ρ = --0.80), MCV (ρ = --0.74), and MCHC (ρ = --0.17) signifying that an iron deficiency state is a risk factor of ADHD. While ADHD was significantly and positively correlated to serum TIBC (ρ = 0.86) \[[Table 3](#T3){ref-type="table"}\]. Correlation coefficient (ρ) between IDA and ADHD is 0.76 (*P* \< 0.01). We did not find any significant correlation between severity of ADHD (measured by Conner\'s rating scale) and hematological indicators of iron deficiency.

###### 

Correlation coefficient and odds ratio of different variables with attention deficit hyperactivity disorder (*n*=238)

![](IJPsy-60-131-g003)

In our model, we found that higher level of Hb, serum ferritin, serum iron, MCV, and MCHC were protective for ADHD having an adjusted OR of 0.37 (95% confidence interval \[CI\] =0.27--0.46), 0.47 (95% CI = 0.44--0.50), 0.46 (95% CI = 0.42--0.50), 0.58 (95% CI = 0.40--0.77), and 0.99 (95% CI = 0.001--), respectively. Increased serum TIBC level and IDA were found to be risk factors of ADHD and their adjusted OR respectively were 1.73 (95% CI = 1.21--2.23) and 3.82 (95% CI = 3.30--4.34). All these ORs were statistically significant (*P* \< 0.01) except for MCH.

Serum ferritin, serum iron, and Hb can explain 46.7%--61.2% variance of ADHD. Serum ferritin alone can explain 34.1%--46.7% variance of ADHD. 32.0%--44.2% variance of the dependent variable can be explained by IDA alone. Overall, our model can correctly predict 44% of the outcome variable. Although MCH had a significant correlation with the dependent variable in the correlation matrix, it became insignificant in our regression model.

DISCUSSION {#sec1-4}
==========

We found that serum ferritin level was significantly lower among ADHD patients. This finding is consistent with multiple previous studies. Konofal *et al*.,\[[@ref12]\] Calarge *et al*.,\[[@ref13]\] and Juneja *et al*.,\[[@ref14]\] and many other studies\[[@ref3][@ref4][@ref7]\] reported an association between iron deficiency and ADHD. Although serum ferritin level of cases (34.9 ± 2.8 ng/ml) in our study is slightly higher than that found by Konofal *et al*.\[[@ref12]\] (23 ± 13 ng/ml). In a previous Indian study, Juneja *et al*.\[[@ref14]\] also noted a lower level of serum ferritin among ADHD patients (6.04 ± 3.85 vs. 48.96 ± 41.64 ng/ml). Ferritin level of their cases was also lower than us, but standard deviation found by them was also quite high signifying a wider range of ferritin level among patients. Calarge *et al*.,\[[@ref13]\] Sever *et al*.,\[[@ref15]\] and Kwon *et al*.\[[@ref16]\] also reported similar results from different parts of the world. Konofal *et al*.\[[@ref12]\] and Calarge *et al*.\[[@ref13]\] also reported a weak but significant inverse correlation between ADHD severity and serum ferritin level. However, we do not found any correlation between ADHD severity and serum ferritin level, which is similar to the findings of Juneja *et al*.\[[@ref14]\] Juneja *et al*.\[[@ref14]\] also calculated a correlation coefficient of --0.48 between serum ferritin level and ADHD, which is slightly lower than our finding.

In contrast to the above-mentioned studies, Millichap *et al*.\[[@ref17]\] did not find any significant lowering of serum ferritin among ADHD children. However, he did not have controls in his study. Instead, he compared his findings with national database. Their findings may suggest that iron deficiency is not a universal finding for ADHD.

Beside this, we also found that mean Hb, serum iron, MCV, and MCH were lower among ADHD patients while the reverse is true for TIBC. Similar findings were also noted by Kwon *et al*.\[[@ref16]\] among Korean children. However, the difference is significant for all parameters in our study, on the other hand, Kwon *et al*.\[[@ref16]\] found significant difference only for TIBC, MCV, and MCH. But Konofal *et al*.\[[@ref12]\] did not find any in serum ferritin iron and hematocrit levels of cases and controls. However, contrary to the findings of Konofal *et al*.,\[[@ref12]\] Bener *et al*.\[[@ref18]\] from Qatar reported an increased level of serum iron and Hb among control than ADHD patients. We also noticed the same. Contrast to the observation of Kwon *et al*.,\[[@ref16]\] we found a stronger correlation of ADHD with Hb, ferritin, TIBC, MCV, MCH, and IDA. We found that who have IDA were 3.82 times more prone to develop ADHD, which is slightly higher to the findings of Chen *et al*., who found an OR of 1.51 (95% CI: 1.12--2.04). In our study, iron deficiency can explain 32.0%--44.2% variability of ADHD, whereas Konofal *et al*.\[[@ref12]\] can explain 30%.

Although our study had an adequate sample size, it has some limitations. Different studies had reported the different prevalence of ADHD, depending on which sample size may also vary. Hence, our sample size may become inadequate if the prevalence is more. In rural India (where our hospital is situated), there is still stigma about psychiatric disorders, and only the parents of severely ill children/adolescents seek medical advice. Hence, our study may not represent the status of all cases present in the community. Different types of ADHD are not addressed in this study. Sometimes, ADHD may be caused by restless leg syndrome due to iron deficiency.\[[@ref9][@ref10]\] Although the incidence of such ADHD is less and the ultimate cause is iron deficiency, sleep status of the cases should be assessed which is beyond our reach. Although our findings are similar to that of multiple studies from different parts of India and other countries, multi-centric/longitudinal studies should be conducted before generalization of these findings. However, in many settings, different investigators noted that iron deficiency is associated with not only ADHD but also with different others central nervous system dysfunction. Hence, iron prophylaxis may be recommended.
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